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ELEMENTARY AND COMPLEX COUPLING DEVICES, AND THEIR USE 
Background of the invention 

5 1 . Field of the invention 

This invention relates to elementary and complex coupling devices. In 
particular, such coupling devices may be used for supporting radar or 
antenna or optical sensor equipment, notably on vessels. 

10 The first aim of such coupling devices is to adjust one object in relation 

to another. Therefore, the first art has used straight adjusting means having 
no interconnection with each other. 

Owing to this straightness, it is impossible to adjust one object to the 
15 other giving simultaneous retraction, extension, lateral and tilting movement. 

2. Discussion of the background 

Present coupling devices are designed to permit mutual translational 
movement and prevent mutual rotation of the objects as the one proposed by 
20 the American Patent US 3, 871, 778 granted March 18, 1975. 

This patented coupling mechanism couples the objects by elastic 
means and by means of at least three coupling devices. Each of these three 
coupling devices consists of two systems. Each system comprises four bars 
25 linked to form a closed loop by means of hinged joints. The two systems 
have one bar in common. 

This coupling device mechanism is principally over constrained 
(excessively fixed, containing redundant constraints), which can lead to high 
30 internal stresses and even fracture. It is therefore in practice only working 
properly provided that the common bar of the coupling device is intentionally 
made weak in torsion. 

Moreover, in general, coupling devices according to the prior art are 
35 made with relatively many parts and hinges, and use simple hinges that allow 
rotation around one axis. For applications like antenna, radar and optical 
sensor supports, such simple hinges are not available as off the shelf parts. 
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Summary of the invention 

This invention solves the above-mentioned drawbacks by providing 
5 coupling devices, which permit relative translational movement of the coupled 
objects but prevent relative rotational movement of these objects around any 
axis. The coupling device of this invention contains fewer parts and may 
have, in particular, better stiffness properties, because it contains less 
hinges. 

10 

An object of this invention is an elementary coupling device 
comprising: 

- A means for stiffening 1 the elementary coupling device against torsion, 

- Two means for linking 2' and 2" the means for stiffening 1 to a second 
15 object to be coupled 4 0l 

- Two first means for hinging 2/4' and 2/4" each means for linking 2' and 2" 
directly or indirectly on the second object to be coupled 4 0 at two separate 
points, 

- Two second means for hinging 1/2' and 1/2" the means for stiffening 1 on 
20 each means for linking 2' and 2" at two separate points, 

- Two third means for hinging 1/3\ 1/3" the means for stiffening 1 directly or 
indirectly on a first object to be coupled 3 0 at two separate points. 

A further object of this invention is a complex coupling device 
25 comprising three elementary coupling devices. 

Another embodiment of this invention is a complex coupling device in 
which the three elementary coupling device are mounted relatively to each 
other so that the axes of all elementary coupling devices are mutually 
30 perpendicular, the said elementary axes being the axes normal to the planes 
defined by the two means for linking (2>2"i, 2 l 2-2" 2) 2' 3 -2" 3 ) of each 
elementary coupling device. 
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Moreover, another object of this invention is the use of such a complex 
coupling device with means for supporting 3, 4 specially adapted for 
supporting radar, antenna or optical sensor equipment. 

5 Brief description of the drawings 

Further features and advantages of the invention will be apparent from 
the following description of examples of embodiments of the invention with 
reference to the drawings, which show details essential to the invention, and 
10 from the claims. The individual details may be realised in an embodiment of 
the invention either separately or together in any combination. 

- Figure 1, an example of the elementary coupling device 
according to the invention, 

15 - Figure 2a and Figure 2b, schematic partial top views of two 

alternative examples and Figure 2c, Figure 2d, Figure 2e, Figure 2f, 
Figure 2g, Figure 2h, Figure 2i and Figure 2j schematic partial side views 
of eight alternative examples for integrating the elementary coupling 
device with means for linking according to the invention, 

20 - Figure 3a, Figure 3b, Figure 3c and Figure 3d, respectively, a 

three-dimensional view from above, a front view, a top view and a side 
view of a first embodiment of the complex coupling device according to 
the invention, 

- Figure 4a, Figure 4b, Figure 4c and Figure 4d, respectively, a 
25 three-dimensional view from above, a front view, a top view and a side 

view of a second embodiment of the complex coupling device according 
to the invention, 

- Figure 5a, Figure 5b, Figure 5c and Figure 5d, respectively, a 
top view, a side view, a three-dimensional view and a front view of a third 

30 embodiment of the complex coupling device according to the invention, 

- Figure 6a and Figure 6b, respectively, a cross section and a 
three dimensional view of an extension of the third embodiment, i.e. the 
third embodiment of the complex coupling device combined with a means 
for covering. 
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More detailed description 

Figure 1 shows an example of the elementary coupling device 
according to the invention. The elementary coupling device comprises: a 
5 means for stiffening 1 the elementary coupling device against torsion and two 
means for linking 2' and 2" the means for stiffening 1 to a first object to be 
coupled 3 0 . 

Two first means for hinging 2/4' and 2/4" are placed at two separate 
10 points: respectively, between each means for linking 2' and 2" and two 
separate points of the second object to be coupled 4 0 if hinged directly. If the 
means for linking 2' and 2" and the second object to be coupled 4 0 are 
hinged indirectly, the two first means for hinging 2/4' and 2/4" can, for 
example, be placed at two separate points: respectively, between each 
15 means for linking 2' and 2" and two separate points of a second means for 
connecting 4, which is connected rigidly to the second object to be coupled 
4 0 : a means for resting, for example. So, the means for linking 2' and 2" are 
hinged to this means for resting 4. This said means for resting 4 could be 
fixed to the second object to be coupled 4 0 . 

20 

Two second means for hinging 1/2' and 1/2" are placed between the 
means for stiffening 1 and each means for linking 2' and 2" at two separate 
points. 

25 Two third means for hinging 1/3' and 1/3" are placed at two separate 

points: respectively, between two separate points of the means for stiffening 
1 and two separate points of the first object to be coupled 3 0 if hinged 
directly. If the means for stiffening 1 and the first object to be coupled 3 G are 
hinged indirectly, the two third means for hinging 1/3' and 1/3" are placed at 

30 two separate points: respectively, between two separate points of the means 
for stiffening 1 and two separate points of, for example, a first means for 
connecting 3 which is connected to the first object to be coupled 3 Q : a means 
for supporting, for example. 
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The means for stiffening 1 can be a box as represented on Figure 1. In 
particular, the means for stiffening 1 can be a hollow box, in which objects 
can be placed, for example. Furthermore, the means for linking 2 may be 
bars. 

5 

The first, second and third means for hinging 1/2*, 1/2", 1/3', 1/3", 2/4' 
and 2/4" can be hinges which allow rotation around any axis. So, the first, 
second and third means for hinging 1/2', 1/2", 1/3\ 1/3", 2/4' and 2/4" can be 
universal hinges or cardan joints or ball-and-socket joints as represented in 
10 Figure 1. Moreover, at least one of the two third means for hinging 1/3' and 
1/3" can allow relative translational movement in the direction of the line 
through the centres of the means for hinging 1/3' and 1/3". So one of these 
third means for hinging 1/3' and 1/3" can be an universal hinge combined 
with linear guidance such as, for example, axial play. 

15 

In another variation, both third means for hinging 1/3' and 1/3" can be 
simple hinges, which allow only rotation around the axis through the centres 
of the third means for hinging 1/3' and 1/3". Again, at least one of the two 
third means for hinging may allow relative translational movement in the 
20 direction of the line through the centres of the third means for hinging 1/3' 
and 1/3". This possibility for translational movement can again be realised 
as, for example, axial play. 

Such an elementary coupling device prevents rotational movement 
25 around an axis normal to the plane 1/2' - 1/2" - 2/4' - 2/4", without the 
drawbacks of internal stresses, generating failure, as for example fractures. 
Moreover, elementary coupling devices as the one represented by Figure 1 
contain fewer parts and fewer hinges than elementary coupling devices 
according to the prior art. Additionally, the proposed elementary devices can 
30 work without simple hinges. 

Such an elementary coupling device provides a high rotational 
stiffness around one axis, said axis being the normal of the plane defined by 
the axes of the means of linking 2' and 2", or alternatively said axis being the 
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normal of the plane defined by each three out of four centres of the means 
for hinging 1/2', 1/2", 2/4' and 2/4". 

Figures 3a, 3b, 3c, 3d and Figures 4a, 4b, 4c and 4d represent first 
5 and second embodiments of a complex coupling device according to the 
invention. The represented complex coupling devices comprise three 
elementary coupling devices as the one shown in Figure 1. In a more 
favourable situation, in order to have a complex coupling device preventing 
rotation around any axis, the three elementary coupling devices are mounted 
10 relative to each other in such a manner that the axes of the three elementary 
coupling devices around which they provide high rotational stiffness are not 
lying in one plane. 

A particularly favourable situation may exist when these three said 
15 elementary axes are mutually perpendicular in the undisturbed state of the 
complex coupling device. This undisturbed state is defined as the condition in 
which all relative translations between the first and the second objects to be 
coupled 3 0 and 4 0 are zero. If these elementary axes are mutually 
perpendicular then the rotational stiffness of the complex coupling device 
20 around any, arbitrarily oriented, axis is the same. Each of these said 
elementary axes is the axis normal to the plane defined by the two means for 
linking 2' and 2" of the respective elementary coupling devices. 

The means for supporting 3 and/or the means for resting 4 can be 
25 common to the three elementary coupling devices. 

Hence, the means for resting 4 is the base of the complex coupling 
device. This base 4 may be a lower six-sided ring, as shown by Figures 3a, 
3b, 3c, 3d and Figures 4a, 4b, 4c, 4d. The base could be mounted on a ship 
30 for example. 

Each corner of the lower six-sided ring base 4 is connected through 
one of the means for linking 2V2 ,, i, 2' 2 -2" 2 , and 2' 3 -2 M 3 (at each end supplied 
with respective first or second means for hinging 1/2V1/2"-!, 2/4*1-2/4"^ 1/2' 2 - 
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1/2" 2) 2/4' 2 -2/4" 2 or 1/2'3-1/2"3, 2/4' 3 -2/4" 3 ) to the respective means for 
stiffening 1 1f 1 2 , and 1 3 . 

Moreover, each means for stiffening 1 1, 1 2 , and 1 3 may be connected 
5 through respective two third means for hinging 1/3'i-1/3"i, 1/3' 2 -1/3" 2 and 
1/3*3-1 /3 n 3 to an upper six-sided ring comprised in the common means for 
supporting 3. One of the two third means for hinging 1/3'i, 1/3' 2 and 1/3 3 may 
be an universal hinge. The other third means for hinging 1/3"i, 1/3" 2 and 
1/3" 3 may be an universal hinge with additionally the possibility of 
10 translational movement in the direction of the rotation axis between the 
respective means for stiffening 1i, 1 2) and 1 3 and the means for supporting 3. 

Furthermore, the complex coupling device can comprise at least one 
means for absorbing vibrations and shocks 5i, 5 2l and 5 3 . Each means for 

15 absorbing vibrations and shocks 5i, 5 2l and 5 3 is mounted at its first extremity 
to the means for supporting 3 through a respective means for hinging 5/3i, 
5/3 2 , and 5/3 3 and by its second extremity to the means for resting 4 through 
a respective means for hinging 5/4i, 5/4 2 , and 5/4 3 . These means for hinging 
5/3i, 5/3 2 , and 5/3 3 , 5/4i, 5/4 2 , and 5/4 3 can also be universal hinges or 

20 cardan joints or ball-and-socket joints as represented in Figures 3a, 3b, 3c, 
3d and Figures 4a, 4b, 4c, 4d. For example, the complex coupling device can 
comprise one means for absorbing vibrations and shocks 5i, 5 2 , and 5 3 in 
between each group of two elementary coupling devices as shown by 
Figures 3a, 3b, 3c, 3d, 4a, 4b, 4c and 4d. 

25 

Such means for absorbing vibrations and shocks 5i, 5 2 , and 5 3 limit 
the translational movements. These three means for absorbing vibrations 
and shocks 5i, 5 2 , and 5 3 can ensure resonance frequencies of the complex 
coupling devices within a range of about 2 to 10 Hz. The resonance 
30 frequencies should be below the main shock frequencies (> 10 Hz), thus 
providing isolation for shocks caused, for example, by underwater 
explosions. But, the resonance frequencies should be above frequencies of 
usual ship movements and shock whipping (< 2 Hz), thus limiting the 
maximum travel, in particular spring travel. So, the complex coupling device 
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also provides shock and/or vibration isolation for the means for supporting 3 
and the first object to be coupled 3 Q placed on top. 

A favourable situation exists if, in the undisturbed state of the complex 
5 coupling device, the forces exerted by the means for absorbing vibration 
and/or shocks 5i, 5 2 , and 5 3 approximately cross the centre of gravity of the 
combination of the means for stiffening 1i, 1 2 , and 1 3 , the means for 
supporting 3 and the first object to be coupled 3 0 . In such situation, disturbing 
tilting torques caused by linear accelerations, for example due to ship 
10 movements, are minimised and, thus, angle accuracy is increased. 

The ratio of resonance frequencies of horizontal and vertical 
translation modes may be altered by changing the nominal angle between 
the central axis of each of the means for absorbing vibrations and shocks 5i, 
15 5 2 , and 5 3 and the vertical direction. 

Spring-dampers, depicted as coil springs in Figures 3a, 3b, 3c, 3d, 4a, 
4b, 4c and 4d, can be used as means for absorbing vibrations and shocks 5i, 
5 2 , and 5 3 for the complex coupling device. The means for absorbing 
20 vibrations and shocks 5i, 5 2) and 5 3 may also be materialised as Belleville 
spring stackings, wire rope isolators/cable mounts and/or any other type of 
spring and/or contain additional dampers. 

The construction of the complex coupling device can be statically 
25 determined because it contains a proper combination of: 

- means for stiffening 1i, 1 2 , and 1 3 

- objects to be coupled 3 0 and 4 0 

- means for linking 2V2"i, 2' 2 -2" 2 , and 2' 3 -2" 3 

- means for hinging 1/2V1/2"i, 1/3V1/3"i, 2/4'i-2/4"i, 1/2* 2 -1/2" 2 , 
30 1/32-1/3"2. 2/4' 2 -2/4" 2 and 1/2' 3 -1/2" 3 , 1/3' 3 -1/3" 3 , 2/4' 3 -2/4" 3 

which couple specific degrees of freedom. 

This means that the actual geometry of all parts involved does not 
have to be ideal to enable mounting of all parts. For example, the length of 
35 any one or more of the means for linking 2'i, 2"i, 2' 2 , 2" 2 , 2' 3f 2" 3 may be 
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altered without generating internal forces and stresses. However, only for an 
ideal geometry, the complex coupling device will provide pure relative 
translational movements, without any relative rotational movements 
occurring. 

5 

This said ideal geometry is obtained when, for each of the elementary 
coupling devices, the two following conditions are satisfied: 

- the axes of the means for linking 2' and 2" are parallel, 

- the line through the centres of the first means for hinging 2/4' and 
10 2/4" and the line through the second means for hinging 1/2' and 1/2" 

and the line through the third means for hinging 1/3' and 1/3", are 
parallel. 

These two conditions imply, for example, that the lengths of the means 
15 for linking 2' and 2" are equal. Different lengths may be used for each of the 
three elementary coupling devices. Also all other sizes and angles may be 
altered or may be different for each of the elementary coupling devices, as 
long as the two above conditions are fulfilled for each elementary coupling 
device. 

20 

As mentioned before, a particular favourable situation may exist if the 
axes of the three elementary coupling devices around which they prevent 
rotation are mutually perpendicular. This is obtained, together with a highly 
symmetrical set up with respect to the vertical direction, if the three 

25 elementary coupling devices have equal dimensions and if, in the 
undisturbed stated of the complex coupling device, the angle ai between the 
means for linking 2' 1f 2"i and the vertical direction, the angle cc 2 between the 
means for linking 2' 2> 2" 2 and the vertical direction, the angle a 3 between the 
means for linking 2' 3 , 2" 3 and the vertical direction are equal to the 

30 arccos(sqrt (2/3)), which is nearly 35 degrees. 

A further choice concerns the angle p between the axis of the means 
for linking 2' and the axis through the centres of the means for hinging 1/2' 
and 1/3', which is due to the two above conditions, equal to the angle 
35 between the axis if the means for linking 2" and the axis through the centres 
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of the means for hinging 1/2" and 1/3" which can be arbitrarily chosen to be 
90 degrees for all elementary coupling devices, in the undisturbed state of 
the complex coupling device. 

5 Finally, for reasons of symmetry, the angle y between the axis of the 

means for linking 2' and the axis through the centres of the means for hinging 
1/2' and 1/2", as well as the angle y between the axis of the means for linking 
2" and the axis through the centres of the means for hinging 1/2' and 1/2", 
are chosen to be 90 degrees for all three elementary coupling devices in the 

10 undisturbed state of he complex coupling device. 

Thus, for this geometry, the undisturbed state - with all translations of 
the means for supporting 3 relative to the means for resting 4 equal to zero - 
is obtained for: 

15 - angles a of about 35° between each of the means for linking 2'i, 2"i, 2' 2 , 
2" 2 , 2' 3 and 2" 3 , and the vertical direction, 

- angles p of 90° between each of the means for linking 2'i, 2"i, 2' 2 , 2" 2 , 
2 3, 2" 3 and the axis through the respective second means for hinging 
1/2S, 1/2"n, 1/2' 2 , 1/2" 2 , 1/2' 3l 1/2" 3 , and the respective third means for 

20 hinging 1/3'i, 1/3"i, 1/3' 2 , 1/3" 2 , 1/3' 3 , 1/3" 3 

- axes of the springs crossing the centres of gravity of the combination of 
the means for stiffening 1i, 1 2 , and 1 3 , the means for supporting 3 and the 
object to be coupled 3 0 , and 

- angles between springs and vertical direction depending on mass 
25 distribution and resonance frequencies wanted. 

The use of hollow boxes as means for stiffening 1 1f 1 2 , and 1 3 in the 
complex coupling device provides partially shock and vibration isolated 
housings for further objects as, for example, electronics units. 

30 

Figure 2a and Figure 2b show schematic partial top views of two 
alternative examples for integrating the elementary coupling device in a 
complex coupling device. Figure 2c, Figure 2d, Figure 2e, Figure 2f, Figure 
2g, Figure 2h, Figure 2i and Figure 2j show schematic partial side views of 
35 eight alternative examples for integrating the elementary coupling device in a 
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complex coupling device. Figure 2a is a top view of the alternative in Figure 
2c, while Figure 2b is a top view of the alternative in Figure 2d. 

In the first four alternatives illustrated by Figure 2a, Figure 2b, Figure 
5 2c, Figure 2d, Figure 2e and Figure 2f, the elementary coupling device is 
integrated with the means for linking 2'-2" on the lower side. The complex 
coupling devices contain two or more elementary coupling devices (not 
shown) located next to the wavy break lines (on the right side of the figures). 

10 In a first alternative illustrated by Figure 2a and Figure 2c, the means 

for linking 2' and 2" are connected to the ends of the outer lower edge E 0 i of 
the means for stiffening 1. Moreover, a first means for connecting 3 which is 
j n these cases the means for supporting 3 is connected to the means for 
stiffening 1 at the ends of the inner upper edge E ju of the means for stiffening 

15 1. 

In a second alternative illustrated by Figure 2b and Figure 2d, the 
means for linking 2' and 2" are connected to the ends of the inner lower edge 
En of the means for stiffening 1. Moreover, a first means for connecting 3 
20 which is in these cases the means for supporting 3 is connected to the 
means for stiffening 1 at the ends of the outer upper edge E ou of the means 
for stiffening 1. 

Other variations are possible. For example, in two of these variations, 
25 the means for linking 2' and 2" are connected at the ends of an upper edge 
of the means for stiffening 1, as illustrated by Figures 2e and 2f, respectively 
at the ends of the outer upper edge E ou and the ends of the inner upper edge 
E iu . 

30 All described variations are possible upside down, with the means for 

linking on the upper side as shown by Figures 2g, 2h, 2i and 2j. In the second 
four alternatives illustrated by Figure 2g, Figure 2h, Figure 2i and Figure 2j, 
the elementary coupling device is integrated in the complex coupling device 
with the means for linking 2' and 2" on the upper side. Moreover, the first 

35 means for connecting 3 the first object 3 0 is in these cases not a means for 
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supporting but a means for resting, and the second means for connecting 4 
the second object 4 0 is a means for supporting. The complex coupling 
devices contain two or more elementary coupling devices (not shown) 
located next to the wavy break lines (on the right side of the figures). 

5 

In these second four alternatives, the first means for connecting 3 is 
on the lower side and this first means for connecting 3 could be mounted on, 
for example, a ship. The second means for connecting 4 is on the upper side 
and could in case of one of these alternatives support radar, antenna or 
10 optical sensor equipment. 

Figures 3a, 3b, 3c and 3d propose a first embodiment of the complex 
coupling device according to the invention. In this first embodiment, the 
means for linking 2'i, 2*\ 2' 2 , 2" 2 , 2' 3 , 2" 3 are connected to the respective 
15 means for stiffening 1 1( 1 2 , and 1 3 at the ends of their outer lower edges E 0 |. 
Moreover, the means for supporting 3 is connected to the means for 
stiffening 1 1t 1 2> and 1 3 atthe ends of their inner upper edges E ju . 

As clearly shown by Figure 3a, the means for supporting 3 may be an 
20 inverted cone comprising an upper six-sided ring, one side out of two being 
hinged on the means for stiffening ^^ t 1 2 , and 1 3 of one of the three 
elementary coupling devices. The lower circular ring of the central inverted 
cone 3 can provide a base for a radar antenna system or other sensor 
providing (accurate) angular co-ordinates. By using an inverted cone instead 
25 of a possible plain flat base for the means for supporting 3, the centre of 
gravity of the supported first object to be coupled 3 0 is lowered. 

Each of the three means for absorbing vibrations and shocks 5i, 5 2 , 
and 5 3 has its first extremity connected to the lower circular ring of the central 
30 inverted cone 3 by a means for hinging, respectively 5/3<i, 5/3 2 , and 5/3 3 as 
represented in Figures 3a, 3b, 3c and 3d. 

The design of the first embodiment of the complex coupling device 
incorporates ideal angles a of the arccos (sqrt (2/3)) » 35 ° between the axis 
35 of the means for linking 2'i, 2"i, 2' 2 , 2" 2 , 2' 3 and 2" 3 of the three elementary 
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coupling devices and the vertical direction as shown by Figure 3d. These 
angles a are external, with which is meant that the means for linking 2'i, 2"i, 
2' 2 , 2" 2 , 2' 3 and 2" 3 of the three elementary coupling devices are on the 
outside of an imaginary infinitely long cylinder 10 with its central axis parallel 
5 to the vertical direction and the centres of the means for hinging 2/4'n, 2/4"i, 
2/4' 2 , 2/4" 2 , 2/4' 3 and 2/4 M 3 on the surface of this cylinder. 

Figures 4a, 4b, 4c and 4d show a second embodiment of the complex 
coupling device which occupies more space in the horizontal mounting plane 
10 but results in a lower means for supporting 3 of the first object to be coupled 

3 0 . 

In this second embodiment, the means for linking 2' 1f 2"i, 2 2 , 2 M 2 , 2' 3 
and 2" 3 are connected to the respective means for stiffening 1i, 1 2 , and 1 3 at 
15 the ends of their outer upper edges E ou . Moreover, the means for supporting 
3 is connected to the means for stiffening 1 1t 1 2 , and 1 3 at the ends of their 
inner lower edges En. 

The design of this second embodiment of the complex coupling device 
20 also incorporates ideal angles a of the arccos (sqrt (2/3)) « 35 ° between the 
axes of the means for linking 2'i, 2"i, 2' 2 , 2" 2 , 2' 3 and 2" 3 of the three 
elementary coupling devices and the vertical direction as shown by Figure 
4d. These angles a are internal, with which is meant that the means for 
linking 2'n, 2"i, 2' 2 , 2" 2 , 2' 3 and 2" 3 of the three elementary coupling devices 
25 are on the inside of an imaginary infinitely long cylinder 10 with its central 
axis parallel to the vertical direction and the centres of the means for hinging 
2/4Y 2/4"i, 2/4' 2 , 2/4" 2 , 2/4' 3 and 2/4" 3 on the surface of this cylinder. 

Other variations not represented are possible in which the means for 
30 stiffening 1i, 1 2 , and 1 3 are placed on the lower side of the complex coupling 
device and the means for linking 2'i, 2"i, 2' 2 , 2" 2 , 2' 3 , and 2" 3 are placed on 
its upper side. So, the means for stiffening 1i, 1 2 , and 1 3 are connected to the 
means for resting 3 through means for hinging. Moreover, the means for 
linking 2*1, 2"i, 2' 2> 2" 2l 2' 3l and 2" 3 are connected to the means for 
35 supporting 4 through means for hinging. 
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In these variations, if some objects are placed in one or more hollow 
boxes used as means for stiffening 1i, 1 2 , and 1 3 , these objects will not be 
protected against shocks and vibration, in a manner as they are in the first 
5 and second embodiments of the complex coupling device. Thus, when 
placing sensitive electronics in the hollow boxes 1 1, 1 2 , and/or 1 3 , the 
complex coupling device of the first and second embodiments will be 
preferred over these variations owing to a better shock and vibration 
isolation. 

10 

These variations will be preferred over the complex coupling device of 
the first and second embodiments when using relatively heavy means for 
stiffening 1i, 1 2 , and 1 3 in comparison with the means for linking 2'i, 2"i, 2' 2 , 
2" 2 , 2' 3 , and 2" 3 . Owing to the lower placement of the means for stiffening 1i, 
15 1 2l and 1 3 , the spring stiffness and thus the spring mass can be lower to 
reach the same resonance frequencies of the translation modes. 

Figures 5a, 5b, 5c and 5d present a third embodiment of the complex 
coupling device. This embodiment comprises three non-rotating box-shaped 
20 antennae 61 , 6 2 , and 6 3 , which are rigidly connected in a highly integrated 
manner to the means for supporting 3i, 3 2 and 3 3 . 

The third embodiment of the complex coupling device proposes to 
connect the means for linking 2'-,, 2"i, 2' 2 , 2" 2j 2' 3 , and 2" 3 to the respective 
25 means for stiffening 1 1f 1 2 , and 1 3 at the ends of their outer lower edges E 0 i- 
Moreover, the means for supporting 3i, 3 2 and 3 3 are connected to the 
respective means for stiffening 1 1f 1 2 , and 1 3 at the ends of their inner upper 
edges E iu . 

30 As clearly shown in Figure 5a, Figure 5b, Figure 5c and Figure 5d the 

third embodiment of the complex coupling device comprises six means for 
absorbing vibrations and shocks 5;<i, 5"i, 5' 2 , 5" 2| 5' 3 and 5" 3 , materialised as, 
for example, wire rope isolators (cable mounts). 
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The means for absorbing vibrations and shocks 5'i, 5' 2 and 5' 3 are 
placed under and are indirectly but rigidly connected to the respective box- 
shaped antennae 61, 6 2> and 63. The rigid connection is achieved using 
means for mounting 5/6'i, 5/6' 2 , 5/6' 3 , mounted to the inner upper sides of the 
5 means for absorbing vibrations and shocks 5'i, 5' 2 and 5' 3 respectively. The 
outer lower sides of the means for absorbing vibrations and shocks 5'i, 5' 2 
and 5' 3 are indirectly but rigidly connected to a lower six sided ring 4, using 
means for mounting 5/4^, 5/4' 2 , 5/4' 3 . 

10 The means for absorbing vibrations and shocks 5'S, 5" 2 and 5 M 3 are 

placed on the top and are indirectly but rigidly connected to the respective 
means for interconnection (stiffening plates, for example) 7"i, 7" 2 , and 7" 3 . 
The indirect but rigid connection is achieved using means for mounting 5/7"! , 
5/7" 2 , 5/7" 3 , mounted to the inner lower sides of the means for absorbing 

15 vibrations and shocks 5"i, 5" 2 and 5" 3 respectively. 

The outer upper sides of the means for absorbing vibrations and 
shocks 5"i, 5" 2 and 5" 3 can be indirectly but rigidly connected to, for 
example, a means for covering 8, materialised as a mast (shown in Figure 6a 
20 and Figure 6b), using means for mounting 5/8"i, 5/8" 2 , and 5/8" 3 . 

Figure 5a clarifies the generally used definition of 'shear direction' of 
the proposed type of wire rope isolator, indicating it for wire rope isolator 5" 3 . 
Figure 5b clarifies the generally used definitions of 'compression-tension 
25 direction' and 'roll direction', indicating these again for wire rope isolator 5" 3 . 

The compression-tension directions of the rope isolators 5'i, 5"i, 5' 2 , 
5 M 2 , 5' 3 and 5" 3 make angles of 45 degrees with the vertical direction. 
Furthermore all wire rope isolators 5'i, 5"i, 5' 2 , 5" 2 , 5' 3 and 5" 3 , are oriented 
30 so that their compression-tension directions approximately cross the centre 
of gravity of the combination of the three means for stiffening 1 1f 1 2 and 1 3 , 
the three antennae 61, 6 2 and 6 3l the means for supporting 3i, 3 2 and 3 3 , and 
the means for interconnection 7' 1f 7"i, 7' 2 , 7" 2 , 7' 3 and 7" 3 . Finally wire rope 
isolators 5'i and 5"i are oriented relative to antenna 61 similar as wire rope 



16 



isolators 5' 2 and 5" 2 relative to antenna 6 2 and similar as wire rope isolators 
5' 3 and 5 M 3 relative to antenna 6 3 . 

These measures ensure that in spite of generally strongly differing 
5 stiffness values of the proposed wire rope isolators in their previously defined 
roll, shear and compression-tension directions, similar stiffness values are 
obtained for all directions for the complete complex coupling device 
suspended on the six wire rope isolators 5'i, 5"i, 5' 2 , 5" 2 , 5' 3 and 5" 3 . Thus, 
also the shock behaviour in all directions and the resonance frequencies of 
10 the three main translational modes of the complete complex coupling device 
suspended on the six wire rope isolators 5' 1f 5"i, 5' 2 , 5" 2 , 5' 3 and 5" 3 are 
more or less equal. 

An extension of the third embodiment of the complex coupling device 
15 is illustrated by Figure 6a and Figure 6b. It comprises a means for covering 8 
this above described third embodiment. 

The means for covering 8 can be a mast covering the complex 
coupling device on its sides and on its top. This mast raises the possibility of 

20 connecting the first object to be coupled 3 Q - such as the combination of the 
three antennas 6i, 6 2f and 6 3 , the means for supporting 3i, 3 2 and 3 3 , and the 
means for interconnection 7'i, 7"i, 7' 2 , 7" 2 , 7' 3 and T ' 3 , for example - to the 
non-isolated surroundings using springs placed at the bottom as well as the 
top of the antennas. This approach minimises disturbing titling torques due 

25 to, for example, ship movements. 

Moreover, the front side of each antenna 61, 6 2 , and 6 3 can be covered 
with a radar transmissible radome 9i, 9 2j and 9 3 respectively, mounted on the 
mast 8 as shown in Figures 6a and 6b. 

30 

In applications for non-rotating antennae, the means for absorbing 
vibrations and shocks 5 (5'i, 5"i, 5' 2 , 5" 2 , 5* 3 and 5" 3 ) can be placed on the 
bottom and top sides of the antennas 6 (6i, 6 2 , and 6 3 ) and/or on the 
stiffening plates interconnecting the antennas 7(7'i, 7"i, 7' 2 , 7" 2 , 7' 3 and 7" 3 ) 



o 
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in order to minimise disturbing tilting torques and thus increase angle 
accuracy. 

In order to use such complex coupling device in a particular 
5 application, the means for supporting 3, 4 can be specially adapted for 
supporting radar, antenna or optical sensor equipment. In particular, the 
complex coupling device can be used for radar, antenna and/or optical 
sensor equipment on board of any moving vehicle such as ships, terrestrial 
vehicles, aeroplanes, rockets... 

10 

Another application of the complex coupling devices according to the 
invention may be isolation of electronics cabinets from ground vibration 
and/or shocks, for example such as in seismically active environments or due 
to nuclear-induced shocks. 

15 

More generally, such complex coupling devices may be used to 
support any object for which all rotation axes should be blocked and all 
translations are free. 



